SUMMARY Linkage studies have been carried out in 20 families segregating for Duchenne muscular dystrophy and eight prenatal diagnoses performed, including six first trimester diagnoses and one twin pregnancy. The results of the restriction fragment length polymorphism (RFLP) analysis suggest that not all the possible RFLPs need to be used and a strategy for carrier detection studies is proposed.
At least 11 DNA probes have been isolated from the short arm of the human X chromosome and their positions mapped with respect to the locus of the muscular dystrophy gene in band Xp2 1.' 5 Each of these probes has a useful restriction fragment length polymorphism (RFLP) which can be used for the prenatal diagnosis of Duchenne muscular dystrophy (DMD) by linkage analysis. This is carried out by studying the appropriate family members for the presence of heterozygous RFLPs and using the closest informative polymorphic markers flanking the DMD mutation. The disadvantage of this approach is that there are now too many DNA probes for it to be technically feasible to study all the RFLPs at the same time. The approach usually adopted is to study the closest markers first and then try the other probes in sequence until informative markers are found. This is very time consuming and cannot be done for a family requesting a first trimester diagnosis which has not been studied beforehand. A D2, C7, 754, OTC, and L1.28 . Informative polymorphisms flanking the DMD locus which could be used for prenatal diagnosis were found in four out of the five family studies. The most useful probe was D2 (three out of four families) and the least informative one was RC8 (one out of five). In families 3 and 4, 99-6 was not used because the closer probe C7 was informative, and in family 5 the studies were left incomplete because pERT87-8 was found to be informative.
Families 6 to 20 were analysed with just the two closest flanking markers to the DMD locus, C7 and 754, and the two pERT87 probes, 87-1 (BstNI and XmnI RFLPs) and 87-8 (TaqI and BstXI RFLPs).
The loci C7 and 754 were informative for prenatal diagnosis in eight of 20 and seven of 20 families respectively. However, they could only be used together as flanking markers in four of 20 families. Because of various technical reasons, results were not fetuses was diagnosed as unaffected in a continuing pregnancy and therefore this is the only one in which the diagnosis that has been made will be subject to verification. The results of the prenatal diagnosis of DMD in the twin pregnancy are shown in the figure. The mother was at risk because of a high serum creatine kinase level and a family study with the BstXI RFLP showed that she had inherited a different RFLP, the 2-2 kb allele, from that inherited by her normal brother, the 4 4 kb allele. A chorionic villus sample was taken from each of the twin fetuses and analysed for the BstXI RFLP. The 4-4 kb allele was observed in both fetal DNA samples indicating that they had both inherited the normal X chromosome from their mother. There was some doubt concerning the sex of the second twin because karyotype analysis of cultured chorionic villi cells gave both a male and female phenotype. Therefore, the filter containing the BstXI digested DNA (prepared directly from uncultured villi cells) was rehybridised with a repeat DNA sequence probe specific for the Y chromosome. The probe only hybridised to the DNA from one of the chorionic villus samples, resulting in a smear of DERT 87 x Y :f pecific: repecI FIGURE Prenatal diagnosis of DMD in a twin pregnancy by linkage analysis. DNA was digested with BstXI and hybridised to the probe pER T8 7-1. An autoradiograph shows the results of thefamily study (subjects 1, 2, 3, 4) and the analysis of DNA from a chorionic villus sample from each twin fetus (subjects 5 and 6). Only two of the four Xp21 probes have been used extensively on our families to date: pERT87-1 and pERT87-8. Because of the observed non-radom association of the four RFLPs, the two probes were often informative for carrier detection in a family study, but having shown a subject to be a carrier they could not be used for prenatal diagnosis, as the subject concerned was homozygous for the common haplotype. However, recent studies with pERT87-15 (XmnI) and XJ l. I (TaqI) have shown that these polymorphisms can be informative when all four RFLPs for pERT87-1 and pERT87-8 are uninformative. Therefore, it seems necessary to use all four Xp2 1 probes in a family study to obtain the maximum chance of finding a useful polymorphism. Fortunately, our results show that it is not necessary to analyse all four pERT87-1 and pERT87-8 RFLPs.
The most common situation in informative subjects was the heterozygous combination of haplotypes 1 and 2 ( In our laboratory the maximum number of DNA digestions that can be carried out over a two week period for a family study is about six. Thus, our current approach is to analyse each family for six RFLPs: C7 (EcoRV), 754 (Pstl) pERT87-1 (Xmnl), pERT87-8 (Taql), pERT87-15 (Xmnl), and XJl.l (Taql) . These can be analysed sequentially by rehybridising filters if no urgency is required. 
